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(57) mm] 

mm] 2 =7 v $ ^v^aKT^ffiaicoiiiffia^ft 
***** * ^s-r 5 urn z □ 
[ ] <o ^an*** <o *a 1 - ^ r 

He, (a) £ fc*E#Tir- vigfl^tt^fcs*-- 

1 OO^iftU ^<DIII-V^k;-&*«0VSe7c 
*SrS*^««IL-CTlTiSSfb:«ii o I if^tSXS 
(b) vs^i^li^itt^ 1 i -eM^ tifcn 
liitti 0 i±tcii:i^M{L:^^^i 0 2«r'>ft< 
i:fc-Ji, g«lt6II^ (c) ill-VSeffc^tt 

i LT*3 ti . Ill- VJS^«icovlS7c**:a*^«l!!l 

l r -jf^ t /ci nm&kfa±ic , 1 1 L&S{b*¥*fM§i* 

KSftfifeS-rs^-c, AilificoilIISil 




( 2 ) 

1 

s? s <omsL * Mit b , r coi 1 1 - v mi t&m co v m 
-jtm i-eife lth i mmtm ^m&L-t sist, 

(b) VBl7c*S:^*tc«lft-t- 5 r. £ T-^S^tbfclllK 
SfttSXli:, (c) III-V«eft;-fr«i7>VlS5cg|l*:a 

fefd^T. (a) t tftffi^in-vJKfk^WX* 

fc5#-(0»E«:SSft:U r<miI-VKffc^4&<BVSg 

L-Tii mmtm zwrn-t sigi, 

(b) III-VJSfb^ft^VS57cSlSrS*^«SiLT?l!J« 

£ H 1 1 r bfe -h x <oi 1 1 - v mi b-&4* <o v 
m zmm^wm l t »/a <* tufci 1 1 s*£ fb* <o *® a* it 
itti-zmmt, iimmim^mmmm^.M:^^^w. 20 

S^Mt^ig^r, (c) vs^i^iil-clist^: 
«ttl^ft*ftt$Xit, (d) ttftfltftSriHfcttL, S 

£tR_b«c8(Hi-5XSi: s (e) III- vj^fr&ttw vi 

ffitc*3i>-c, (a) kbmmtmi-vm<k&®>-e 

ih 5 1? — <D m IE - b t - , w 1 1 1 - v 8e fb£-*£>SlBtf s ft 
m,*m%-t%TMt, (b) JB-^KKSrRfbU III — 

v mik&ty) (D^tmfimm -r a w& 01 n - v m-it^m <n 
t, (c) vm^m^miicm^i'^^tvmm^titzn 40 

ilftfifb*Ji^niK^{b«¥«ff*«KW(-3BA«*-r 
SXSfc, (d) te*fi8;**:«3ttU, «&Ji)«Ltf:«*gca> 

i±\ »SE L fcl I I&ffif b*¥*#tt ili P drSr-fiH* * -tf 
T, *e»^JSft^E*Sri|««l5L, Sffi§:¥ta{bU 
t JicanKi£>fb^m? f£Ji wKfiJijcafJB 
t^lS^r, (e) III-VKfb-&»wvl*7c*S:S*(- 
«»bT»rifc$tLfcIIlKSEfb«ioD««-e, SI,^-1L 
fcIIlK^fb«l¥*fls:«4r»— ^KtRd^fe^llli-SXS 
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2 

[ff*il4] ff*^l feSVM±ft*^2fc^^^tt*iI 

3 iBtt vmwmsL itm-jjmz to ^ x , 

M^t^!), r^aa»afiw*_bJl:&s. III-VK 
fb-&*t?*>SK4Et?«) 9 . ££S£in;R»b4fe¥*f*: 
£ ^f«lfifS^\ ftJiil^in- v^fb^^^ui 

5 1 it 1 *> s v> 2 *> 5 ^ nm&m 

^— coSffi^, ^rW^-jU^ (ill) ra^-3^M^1""'5II 

1- v«fb*«t?iba r ^ zmikti-z^mfammoyft 

6 ] l fc 5 v ^ fiff 2 fc ^> v n (ifW^iI 

ft— co*tS(i, S i Slid (111) ffi^r^ffi^1"5 
G a A s , fc6^(i (1 1 1 ) I^±I^t5Ga P !&* 

[ft *3S 7 ] IHK^btt^ 5 ¥^f*3S«X& o 

W*JS 1 fc 5 v > fifflj * JI 2 fe 5 ^ ti ft*xi 3 fc § v > ^ff 
*il 4 S V ^ «W*3a 5 fe 5 V ^ fiff 5fe3S 6 ^|E«tCO^ 

(^ISp b s /*S ^ tLfciiilRS{b«5^WflEa»«3fiSrffl 

[ 0 0 0 1 ] 

J; o TftS ^ ixSIIIlSSfb%^«frKS, *5 ±T*f:coi 

IIKa^b«l¥ l *^ffi*fflV^^^**»**^^Hi- 
[0 0 0 2 ] 

f^*s Wfe^^^t^V^K (LED) 

fcj&S, — iKt : I nAl G a N-e***tSIIIfl5 

Sfbtt^ttl^flc^^V^T, fiSA 1 N^5/77- 

p m^m*mm% b-ntz ^t^xv, mnmw& l e 



( 3 ) 

3 

K<n ^mitm * mR±^ tr * a- -r ^ja* * 5 m& 

[0 0 0 3 ] Ijl^E, G a N/^^ ^Jftfi*rf^Kt*5W^- 

y SflE ©t©L ?M# b ft T v > ft ^ «/5 ^ Htft t? fc B s H ffl 
^b(-ttSiaV^lft-cS>5 0 BEo-c, llIRa[fti*T?tt— 10 
feC, t7r^7 s MgAlsO^t^K S i CCOJ; 
5 *IIIKSfbtt^Sltt:i:»^-^afc J ?', !!M8W«fteo*: 

(CHS * ftT l^ft I \ 

[0 0 0 4] SIT, rtLbwBBHSrMfW-RM-f 5o *£ 

/K s i c^i p/dClllJfififktt^WflEtft^ik^ 20 

fTofcifrfrMte. ^HP^S^lct ^-7v£ft5$i^A^S 
#1 o y ~i 0 !0 cm "= c b#^(c^t< > IS1 

313^ ? 7 y ?tm$L-tZ>t£¥, ^ffl«J&**ffU— 

£ fpft-r 5 *b w P p p K Sr*i" a ft HI 11 -e fc o 

^agflsfiT)-^ # hm^^t b t — ffc b t v n 5 fc> ^ -e it 

tjl\f^<DX\ fi£*<DA 1 G a A s **&C0 U — ^r<D t: 5 
ffl»X*fcofc: 0 Sot, IIIlRS{t:ftr*fi, K7^^s/ 

^ y ? &$zm b x ytmmmm & msn- s # sh^k s? s 

[0 0 0 5 ] K^x^fy ^ SHSffl b T 3t*SSfi»® 

* fc , F7^o,f> ^"Cftlfiffi S 7 - SrTKj* b femi^ 

5fc&>, :W777iaoT, ft^SWS^ b — 

* < 8HB -JES # Ml" S c: t T*HUSafk*Steia 

«:« ^ ft ^ © # ft; ^ ffl 1 ^ x ft#m»Wim trmat-r % 
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fe, 3t***JBffi{e:«^ Hia^*:#<, ^f(-(tftbft 

[ 0 0 0 6 ] He^^.^pJbTft, -ttttKttfflSft-C 
V ^ 5 ^- yy-iT mWikm^ X h & it £> . SffiSffi* s b 

rat^fig^ti^r i: (eft 19 , ^5K^A l G a A s SW£> 
u—if^J: 5 ^MSffil-llS^^b^V^^^V ^ 
^1~S«t 9^i^T^^vvL ltS^^-<— ^mft'f- 

7t, nfl]©*S?g^fc«)tc. nSJ!Srflttt|1-Sfc*0 

Xfl^mtfbbX^f^ ttf»ttt-llbT(i, — 

i&lfcf^, fc^wt, ^n±j^K^-eit, ^f«t:i^ 

[ 0 0 0 7] JBl±wra)H^:S:W«t-t--<<. (£^B6«?*co 
iSn p nKG a NiffiiaotGa NSfi*fHSt 5S«JS« 
lo/j^^it^5 0 CTA.fiWM 5 Fl 0 - 3 2 6 9 1 
2 WH^p 1 0 - 3 2 6 7 5 1 #^« % #BI¥ 1 

0-312971 1 1 -4 0 4 8 -§-^$R 

b, * fetcfeftj^ftSrittttSr ttf, -^y^y^m^^ 

Sffi^Ei-¥±i.ftG a NffBtSrJgfiK-rSfttff^BB^ 
£HTV>3 0 El 1 0 10-312971 

5 0 ^co^a***x-tt, ^-rmio (a) ^^91--, 
77 T ^r r^^Mfis^ ! x ( . c> G a N^ni-vjg^ 

^#j^i#f*l 2«il, -tCO Jtitd. S i O.^bft 
5Sju m^ICO-^X^ 1 4 ^ib G a N^COIII — V 

«{b^***#*»#ua* S 1 3 

5 0 Ufc^l^EI (b) figfifiWSJCG a N^CTI 

I - V^b^#j^:#: Sr38RfiS:* S -it ^ 7 ± y h «5S 1 
5 4r^fi-t-5 0 ft^Rlia (c) (7?J:5^, III-V^ft 
i3i^NJ|#:i 5^fifefiar*b(dilKtt5i:, ^r-fe^y h(t 
«*"lRlt^jS*b, 1 4 .hSr»5» ft^mia (d) 

»^(^ ^ fe^Ill-vSe^tt^Slfr 1 Sco^feS^r 
«6H- 5 £ . V^f^#j^#f* 1 5 ft-S-f*: 

b, «^ti^5 0 (e) ^t:5fr-, Sbian 

-V^-^#J¥^-f*l 5<0j&ft£rtttt5.£, HI-VIS 

[0008] :i'L^3iji(v c tti(i a«*«±^atR 

^ b fc^^ieSB^ ft, »KIM5-C5&4e: L Jtiite 
b/cgp^-CttSilte-fii^^itftMMb, ,S P n pRog^ i: 

(d J:tbft\ 10 0// mWJtt J?^G a NMf LTi), 



( 4 ) 

5 

[0 0 0 9] 10-312971 
WWPl 1 -4 0 4 

1 1 i i~4 0 4 s &{&m\zm^£tiiz*F»» 

if *«j5ESr^i~Bf®ElTfcSa ill il^v^T, i? 

4 0it 110 tc^r Lfclg & fi^Bt^ 
t7j^ T*lfiJ:{^]8Kfifc*^ * * ^LT S I Sr K*— 

&J*S^;*^*ffl«LTI&*U S i K^GaNSffi 
U MLt^6 0 'l LT, :©GaNlfi4 0 

^77- 141, nil n 0 ., Gao.sNi'W^^y 20 
^B6it«4 2, niAl 0 . 2 Ga«.,N/GaN»^J: 
BjSS nfllj* 7 3/ K*4 3 , nlG aNj:^^ nl* 
tfyf KB 4 4 s I n o . o 5 G a o . s) s N/ I n 0 . : Ga„. 3 N 
^M*T-^F#f5tco^ttii 4 5, p MA lo.sGao.jN 
J: 15 fifcS p M^r-Y 4 6 , p MG a N/j^ ^3 p ft:[ij 

j't^^i KB 47, p MA 1 o . s G a „ . „ N/G a NjUfe^ 
J; 9 J«5 p =7 v KB 48, p!GaN^645p <IJ 

= mi 4 9&m > &mmL'Xmr&£'h;Xv^ 0 

pffiiJ^V*^ M4 9\ pMP^v KI4 SB 
H'7-Y ^;yf > ; /Lt, 4S 4 a* m ^ U :y h 7 4 7° 30 

fci± . if v r 4 r w&l t m^Rf&m ztix 

G a N*lS«|JCA*LTff o TV^5 a U y is* h 7^ 7\t 
ItCfcN i. /A u «£ 0 p litl/j^ijS n IG a 

NlfilKKl Ti/Al J: t»J«5nfi!l«*^JgdcS 
*L"CV^5 0 if— ^ii^yffiiSJf^tnSG a NKtROMffi 

[0010] ^officoG a N»iBtais^s4aaf t it 40 

ft, mz-&m%^ 7-202265 #£HBL «fHJ*F 7 - 
1 6 5 4 9 8 t77>f TS«(/)±(C Z n O J; 

5 stems' ^rBSrflgfifcU ^<0±^IIIi£g{fc:«¥W 

I8ig{fc;tt¥*f* 4- ^ v ffi b r fin® 1" § M** £ jxr 

£fc, 0 - 2 2 9 2 1 8#4*«(£|*, gg 
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[001 1 ] 

[0012] 10-326912 «fH¥ 

10-3267 5 1 ^$F^ iRFli 1 ^ 1 0-312971 
W H^F 1 1 -4 0 4 8 ^-^mtcrj^^tl-AcG a 

? Lfel GaNt laifi i ^t^^PcM 

JBI^fc «9 s 0iJ^i^\ (1.2^ >^-Xfi_bJCli5iajf(Z?G a N 

[0013] ftdl 5 ? 10-229218 

S lit ^ 5 , » 1 t m 2 C7.^ r> X y ^^ i Sr-t JX-y 

IIlKSffe:«l¥*#:|Rldr^*«^-5 J; 5 Ed L TSl* Lfc 

7y^tfA5»^t&5o Sfed, Il<Z)ai^l2© 
X«SrW»Bft*1"Sfc«), ltfc^G a NSft*Mt5 

[0014] KS^Wl»^^^L/d:VNG a Nl 

«S:^»-r5ltWi LTjl^^tLT^^4#PJ¥7 - 2 0 
2 2 6 5 ft'jkn, Wm^f 7 - 1 6 5 4 9 8 *^«-t?fi, 
*JK(^ ZnOi^j:^/>777)l frBftm^-t 6 fi# 

fij^ LTSaKffiSr^Bfli-S^fe^tsv^Tfc, GaNf 



7 

t ~&m t <d tt-^ssjs m& v ^ ft , fA?if «e ^ jt 5 & pfe © m 

[0 0 15] **W«±IB*flHdii^.T4S^fct,(7)t? 

* o T , r ft fig* © 1 1 IfleSfbtt^SH* © fEW* 

* © ^-ii^TffM^ft^^ p r p k &i immm 
bmsskoeme:, rat conies 10 

91**8 2, 3, 4, 5, 6 CDgtVjf^ (1) itjytrffi 

a* v n % Ato« © 1 1 us a \tm=m^mK & vm-t 

Sr»fiti-sr (2) >;te©16^£ftfc, iSfDHOTi 

fc^ i*i7(?)i^(j;, (1) M^Kvnmmt'yo 

I^J^I«lri^t5^t (2) fgp p p«:coiIlK 
ft{bW¥*ft u—Hf £r— Si- #4i^M^ti§#III^ 
fb«J¥*fM&E Sraflt-f - 5liT*fc>3, If #*B S © g fa 20 
ft* (1) «:*3»3WB<, ieta*tt^s-T?tS#*(0 
*V Mffffitecoj^v ^in&fifbtt****^*^*® =» * 

ht«n-^ (2) »s»»tt^flsft % na, 
f^a* ^ & , on b*******^ 

[0016] 30 

[ II S: - & ft © ] _bfS B fa & ift&l" 6 
ft, W*3Si^|E*<^iSMfi, niR*fb«tf>fefc5¥ 

(a) 

I - v Seffc^tt t? fc 5 11-©**!* £^{bU -<mu-v 

fe— J6ftJ*ftt5XSi:, (c) III-V^bl8^© 
VlS^**S*^111ftLT^fiKSftfcIIlKilfk«C!5fi 

[0017] IS*il2tc:fElft^i3j!^, IIlKiTfb^ 
^/j:5¥#*»M^f1-|WJ^('-:Io^T^ (a) 

*ffi^iii-vK<b^tt-e*>s*--<oxtESrafkL, ^ 

©in— v mit^m © vmTtm&'M m \zu & l r i i i&s 

ftttSrJKfiK-TSXSi:, (b) in — vSHb^tta) VK 
* *g* fcilftft U r Mj& ^ ftfcll lS£Sf bft± I- , r © I 

I I - Vift^j co V Ktc* & fi* M«tft L T fl^Jc $ ft fc 
IIIi*Sfk*cQ*®36SB:tt|-j-5 ^nftt , iiiBeai-fbft^ 

u^v«^Mt^ig t , (c) 50 
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*fra*(-«*^S^i-t?JKfigSftfcnilsafk;*±(ci 
llKSfk*¥*»Sr»«»^ttSfiS«i-S Ig t , (d) 

* U*v^«±4r**|6]^teftfi8;fi S-fr, PS Lfclll 

^*¥W#Ji*JS--o*«Ji^a«-rsxat, (e) n 

I - VKf^#jC0 Vi^i^iiCii L Tfl5/« S ftfcl 

[0 0 18] »*iS3tiai»©3BH^ IllSiafk*^ 
bftS^WflsK«©ff»*ffi(2:*5V^-C, (a) />ft<^fc 

1 11 - v mik^m -c fc 6 ©S* Ji tc: , r. co 1 1 1 
- VK^«lto«ffidS«ffli-5««i: , niKafb*^ 
*^iS»^*L*V^««Sr?Bri£i-5XSi:, (b) fg- 
© Sr S ft U n I - v m \ <nmmti> It til -r 5 Si 
*^III-V^t:^«)©VK5c*S:a*^K*L"CIII»= 

»b*hSr®fiS;l-5xst % (c) v^Tc^^^^tcis^i- 
■5 c ^^^SftfeiiiK^b*±«-iii*»bte^flE 

S:31KW^te*^ftft-rSXSi:, (d) i»£j£fi$r»8c 

Sr**-fRl ^JSS^tS S -fr, L fcIIlSe*fb«l^*ft: 

Sr5p±J.fbL, ^ft< t ^— acDIHS£l[fb«5^*fls:JlSr 
^— ©K*E±ic8t»i-SXSi:, (e) III-V^ft##j 

© v^fci^iitcti l xmm * ftfcin^ft^oo 

fe^S ufciiiKa^b*^*^ 
[0019] S»#^B4tcia«t©5SWfi, 8»*iRifcSv> 

2 fc & 1 > tt»*3a 3 mmK^m&m-moii'fmjj 

©ttJll#ii^JBj=S;Sft-c*3tl, C(D®jl^Oft_bii 

m-v^b-&#i-efcs ! £«-c*)9, ^mmtnm 

(111) ffi^ffit-t-SIH-V-Seft^T-fcSC t 
ffl>jtil 1 fc 5 ^^ff^i 2 fe § ^fi»*3S 3 fo 5 tMiff 

4 *>5 i/Miif 5 ie«c© ^*f$K« © im^m^ 

*5V^T, IB— ©K**i, s iiEfch^ (ill) j5Sr± 
E^t-5GaAs s fe^^d (111) m&^lfit't 

[0020] ff*il 7 £|B*£>3a§l3te, in^Hft^/i^ 

^£ S ¥-Sf*»i^'e o T , If >\<.m 1 5 V ^ f±!t>]trl 2 
fc 5 ^ ^fS3ftlI 3 £ ^ til**^ 4 fe 5 V> ^ft 5 fe 
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tiitZ k&iftmt LTV^„ £ b^, 8 fcIE«0> 

[ 0 0 2 1 ] 

BWJCO^ftcO^Jl] J^T N - ftffrHO^ 

[0 0 2 2] ( 1 ) fltsftfl 1 C0«j^ • RbflE : 
ff*3SliaflS^^ft:Sffi0O^»ft!i, (a) ^ft<fc 10 

fc «B #s ii I - v BHb^tt -e fc s *— k« ^t^L, 
r 1 1 1 - V b-^ft © v JStc * «: £ X b TI I m 

asfk*sr»*i-sxst, (b) vistc**^*^:***- 

ifc-Hl, eSifit§Ig^ (c) III-V 

mik&wo (o v sriiiuiftL-c ?fm s jxfci 1 1 m 

M—?> M * » b ftmir 5 XS fc , Sr-g- trl I»if b#J ^ 
[ 0 0 2 3 ] £*T, 1 E*»^3iLft:*ffi^^»* 20 

Sicov^f Kiits D £1\ i§(a) Tte, 
< t fc*iB^iii-v^t:-&ftT-fcSS— (DXIR&Mib 
L , r III - V SHI^te <!D V Sot* & a* trgm L TI 

fr< t fe*ffi^iii-vjfi{t^«i-efe5£ffiT-fc*x«J; 
< . ni-viKfb*»^w*ig<D±tciii--viKfli-&« 

4* £S _b ( c gij co ffi-M co 1 1 1 - v m fb-g* £ a Jl L t co 
tt^tl^o Wx.ft G a A s ^?JtJf £*L7t S i £tg 30 
^ A 1 G a A s mtmm^nftG a A s ft 
£ Q ^|}GaAs^GaP?(/)it^tl^c *fc, 
^^r-^Hj- 7 T ^ 71I11CG a A s BK>G a P ««:3B 
^ fc> -£ fc (7) fc £ ft 6 0 

[0024] coXKSffioiii- vj&fk^ttcovfie 
co^b#IS»4 i -ec?^^3i^ ioTt)II (emi^H-fb 

ft»)St^:i:«t6 D itfl GaAs^GaP 

»«t3Si-Si:^t;S^ As (St*) fcSi^teP (») 
/J>N (SSI) tfftU GaNW^LS c C^ffljfi 
SElfttt. IIIBItuSI^A 1 ^ I nC0»-&tR1Sl^jS5o 

* , i»«La co a* t u# siaot ffl m ^rt^ t $> 5 0 

[0 0 2 5 ] ftlCIKb) Tf±, V3B57C**a*^«lft 

1 1 Ifle Ktel^Cg f b#J T fc 5 1 1 IBs IS fbtt ^ 

*flsa**fit;ifeSric*-*-5 0 wO^FjSft-t-siiiK^k; so 
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ttj^gffls:^ *US;^*fc: J: o T4£/* ^ tL/ciii^^-fbfe 

tRIUJlfiK^t^ "C fc o T * 5 jHJ$ CO O t'fcott 

-e co jb^gu coii.^ ^ 1 mnmtm 

A s »MftLT«lfcG a NiiCG a NSrfig* 
L. ^ ^K©±(CA 1 G a N^MLT'^iUi^ 

[ 0 0 2 6 ] fMl«S£liMOCVD (Metal Orga 
nic Chemical Vapor Deposition) MB E (Molecul 

ar Beam Epitaxy) £fe s VPE (Vapor Phase Epitaxy) 

m. hvpe?^ Sfc^^dio^fe-efi 1 ^ r t^uj 

[0027] stiKc) -m, III~VS(b^C0V 
Ktc SI S: S « icfl LTM^ tt fcl I mMim ^ 

& »«i-J-5c - (DUi&mk LT^J* S HfcIII^S^bfe 
f^t> — )K«j(cf±Jft< % »a^5fi«$tLS 0 ffiot, III 

m * r^aii- 6 iBs-e , »— ^ mm. 1 1 1 ik*^* co 

— co h frffi ^iSo *— C5 ^ 1 1 iBlftY co 

mBmmmt^i^ < , jeffij5fifi*w»aiiBs-eiiiB£ 

^Tt), iB^saEisi l r s n 7ti 1 mmtm * <n 
x\ iiusa^***-** 

36SSl^^"C, KOH^N a OH|^7/^J V Ml&X&B 

{cmm-t 6 co t % isaja^ift l t s n7tin^^b#j 
e> y ^ h ~A-y vxftMir& z t fcwflre&s, ^,xco 

(a) - (c) ^Xg^t^H§IIIli««Mfi^^ 

[ 0 0 2 S] ( 2 ) »3ft3S 2 W*J* • : 
»*«2E*w^*fls:KtR©^MS-&fi, (a) <P>f£<t 
fc *DS*siII-VB5fb ^ * "C fc 5 ffi - co Sffi S f b L , 

^©iii-vis^*^vB57c**S*^«siLrriifi5 

^Si{cfftLT« £ ftfciiiBsSffc;* ± n 
colli vmit^m co V Stc* SrS* L T ^ £ 

*iwew5i^^i«^wt5igh (c) v 
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±(^iii mmm^mfa &wtRm k ass j&Ri- 3 is 

i:. (d) aSAjfcft&ffittU IMllf:f«^^ jE 
aft*/** Ufev^fiBJfiJiSrflt^lcfeHlfiS;**^:, B$% 

1 1 IIS S{ 4: » — CO Sfe ± f 3 II 

(e) III-VK^»cQV^*^^^i-g^:LT 
$ ftfc 1 1 HSfifbtt a> mmx\ fidl j*« L fci list 

-fb^j^*f*Jl^^— co^K^^^SIi-^i®^, Sr^-fr io 

[0029 ] KT, ft jjtxi 2 ia*£co ¥^f*£^ co ms^j 

te{tov>T»L<KK-rs„ *?\ is (a) -m, 

ts c coin — v Se-f co v Sot* &■ mm l-S^ L TI 
fc< i fc*®3&sill- VJS^iftT-fcSKtET'fcntf J: 

»*« jb msu cofigt on i - v mts-m %mm l fc t co 

fc^**!^ , G a A s aqJIB Sixfc S i Sfe 

A 1 G a A s W9i StLfcG a A s in 

Ti^^f7 t4 TXffi-L^G a A s JK-^G a PJKSrSS 1 9 

[0 0 3 0] »— ^*tE*Btoiii-vKfk-fr»coviS 

ft^Mt5rt^T:^S B WX-fJ, GaAs^GaP 

-eft* $ n 5 1 1 1 - v mits m x± , ry^7 #h m x* 

a*N (^S§) tilt, GaN^J$^^ D :(?)« 

%&f&W&:{c j: *> flgj* * jft,5iiiK&ft;*<DSffia* b co$? 
[0031] auciaoo t?t±, ni-vj^b^cov 

^ * * mm l t jgfs $ *x /ci 1 1 mm ft m ± £ , 

^ co 1 1 1 - V Bef fr&tt VS%i^aiM L XMfHt 40 

mMir& 0 sfc, *^i^^v>5iiiKS{tft^fWii: 
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[ 0 0 3 2] Illb^aKMt^M^ LX^(C 
PfiSLftl^s, fiJx.Jl x III-V^b^coV^Tcig^ 
ffi*^«lftbTJBfiesnfcllllSa'fk*«®tc: N s i o 2 

-^s i Nm<D-?*#ttn&mm^, v v y y^y^ 

- « co ^ jfe Id J: o T ^ ^ - ~ V ^ L T m & M W , 1 1 1 K 

aiu^, aRjaft-r*«*ic-t"5r tdST*#5 B iii- 
v s < b-g^ ©vKi^iicMtx ^ fig $ n fci r i 

ism L * i/ ^««co^, M^Jt: PR>!E:-i- s t ^ t? fi 

[0033] s(cig(c) xtz.s vmTtm&mm^w.m 

mM,{^£hf&^:-t% 0 Sot, iiiisa^b«i#*fr^it[ 
MSL^v^fflt, laric^Si-c^Lfciiiisffi^* 

^H^ir % ffl*nfcIIIl*Sfli4fc-b^aiR»trillBeft{k: 
*¥9H** s *&ftfiKfti-5o <Wx.tf, GaNliSiO:, 

s i N^^^f^s i Ji^(iii:ft]Sffij*ftL^< v>co-c\ 

iftj**Sl"e^jabfcIIl8l^fciftS:S i O a , Si Nfe^) 
V^fiS i T'ffltpr <hT% G a N*ri»aj*Kl!l*C^J* Lfcill 

[ 0 0 3 4] te*fi!t*CO*-ftfi, MOCVDS, MB E 

vPEjt, hvpe^ Sfcft-t^ffico^rftt^tTS 

fiRil-snilS^t:*^*^, »«^ft"e#nw, S 

rot # fcot{)45 *a co co -e fe o t fc SS L 5: * v ^ „ 
[ 0 0 3 5] fttlg(d) "Cfi, S^,]*S^»«L., 51 
L b , itg!*S ifijft* L ft v SrSCfr 

l*j^»J6«*S^ »«L/tlii«^fc:ft#IB*«S*n 

fku, ^>ft< t h— mo^ummit'^mi^m^m—^ 
mm±^mmir & 0 mm l tti i iis»b*^«frttfi 

llt^MLtt)lL^i^V\ i?U^tf. GaAsSriH 
r&m& L T ^iijc LtGaNKGaN £r»tRj£ft L , ^ 
ft**Srtt«l!U*ffiS:5pa^t;bfc»^ -^coJiJciA l G 

[ 0 0 3 6 ] »A^*$tL5llIlSS{t*^#fls:wJ¥S 
h^pl b*—'<> hfffi^ fy^Lt, nifc 



( 8 ) 

13 

m n v > # % r. a* e> «*fR» una* l fc^f B 

«533\ "f-*fc%, *WfiR*«tt^Jlffl60iiilK»t;»¥ 

(Is !5te?B««*L<«^i--5o f^oT, rcoSJsthfc: 
JS^SR^^atWWifiSr^ft^i-S r t \c J; o X , fete 

So 10 

[ 0 0 3 7] Ig(e) III-V^^COV^ 

l fc 1 1 1 mmtm *m i*m *m-<n mm t - h # 
Ki- s „ r ©aa/aae* l x se j& £ tifti immtfa n , 

1 1 mmm mm sn, n iaia f t« ^*fwi © 
*«a»&flrestL3o *-w**EiiiiJ*»b*rofWB 20 

V^«"e\ KOH^N a OHl?©/;^ U ISffcl?** 

m-tz>r>x\ mMmwi:Lx±i&$tifz.iimmM%}%:^ 

■7 - t fc RTffiT*fcS 0 J^±£0XS 30 

(a) - (e) 3&S***LSIIlKfi^*^i»flc*1g^f1sja*-fe 

2* , *3B W j»#iH 2 co ^#*J£ffi go fp»*ffi i? fc 5 a 

[0 0 3 8 ] ( 3 ) St*3S 3 • fjjflH : 

»*«3|Ettco^3Jft:|£«©^«i*«fefi, (a) '>ft<£ 

^*#^ie»^*Lftv^*«sr«jjar-5xai: % (b) 

— co 2ES & ^lb U 1 1 1 - v Bef b^#J (7>S ffi # II ,'±1 f 5 
SSfkftSrifKfife-t-SXSi:, Cc) VK5£*S:a*^«SI 40 

Pf^mum^^^^TMt, (d) ffiihtm&mm 

^wi/bu ^>ft< t h~m^ummtmmi^m^ 
m—<omm±iz.mm nist, (e) m-v^b^* 
^ v stc* * ti^tft l r jgfiK ^ tbfci i m&vcm <r> 
mmx\ fefifiR* LfciiiK^fiiW^wflsisr*— 
s^^^gsi-^xmi: > **tpiiasaft*¥*#attE 50 
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[ 0 0 3 9 ] J^T, **3S31E*co^a![ft:*SiOff»*- 

mum « , 2 ^ as go fPBLfrSs ^ x@ (a) 

tXM(b) tSrAtb^^fctwefcS,. t-ftfct?, in 
*S^JBricSr, in-v^fk^#j^ni^{b#j(-a)^^m 

I-V^ft^#J^III^^»^^ffli*^ 

III^Mf^j^-ff^gli,^ 

[ 0 0 4 0] Ig(a) T?(± s '>ft< tt*B3&SH 

I - v k*4to X- fe 5 - co £fi ± ( - , ^ com— v m \ b 

^ fi, in-vBi^-&«*«w^S:Afti-s fcco.-ettTi 
< , ^>ft< t J bfi/iiii-vif^refc6llTfe 
J;< , III-VJSfb^*W^*«^Ji^III-ViS 

it^mmm^nx^^h(Dh^rL^ 0 m- 

ilK^ AlGaAsS^aiSWcGaAs^t^ 
a A s^G a Pf COiS^f f * 
7t , ^^^J- 7r^7 Sfi± [CGaAs G a P JK* 

^WBM LTL$l\ feiSi^.S it 4 ft V © r t % 

[0041] £4S J- tci 1 1 — v K f b-n-^ co * 

sa*»±ii-3«rt4: , iiiKiS-fb^^s*^a:s/*5 l 

Wiif, nr-viSfb^ift*®^, s i o a -^s i n#?co 

£oxs<#— =->y\,xm.&Mrt, iii-vmit^m 

ft^^^td-f-S^ t^t?# S D ^/c, GaAsM-SL 
t S i 7d- h y y?77^(— ^co#^l'C:J;o 

G a A s ^x^-y/Lt S i Sffi^ili ^illl±i ^ 

K a 1- 5 t , 1 1 i^fifb#j a* acS!^« l ft ^ 

/ctt/j> $ < U iEffifife* Lft V ^«*Sr^# < 1"S n ^ ^ 
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[0 0 4 2] &KXg(b) XIZ, *-a>£«*r*ft;U 

«X.tf. G a A s-^G a P "Cft* £ ftSIII- VSHb-& 

(K) *>si/^^p («) mm) £g&u Ga io 
N^^^tLo 0 rcoi&j&^mf^ iiik5c*3&5a i 

[ 0 0 4 3 ] *CIg(c) -Cfi, V^7L^^M^t-S^ 
^□Wl-et), ^J*-S^tfr^^r#*LT^5 0 1"ft 

6o ey^-ffi, GaNflSiO,, S i Nfe^VM-iS i Ji 
IlifW^^S i O,, S i Nfcav^fiiS i -Cfflfrri 

x\ g a N&mj&&mx~&j£Ltz.iimmikm±\£m$i 

[0 0 4 4] ^J*-^^^ MOCVDS, MBE 
fcfc, VPES, HV P E^fcftt©ft<D^ffi'efT^ r 
£tf*WS^ #t^&SrH3e-f-StCD-c?fiftv\ rcoi%£; 

SEHUc ^ o f £ ftfciTTKSfMfc <^ IrJ iSffi/S^ h (o 
t-fcotta? ft co go ~e $)otf)iLii^l/\ 
[0 0 4 5 ] &i:ii(d) thu ISMfi^ilL, x 
jRfifcft L b > ESttiit/** Lft ^ffi«± 

Efi^Jft LT^jft ; Lfc G a N±(d G a N SrSS^ft U j& 
fi/3S*S:»«Sb*SSr5pffl{t:Lfca^, *<E>jLt£A 1 G 
a N«i!Lttil5i^\ 

[ 0 0 4 6 ] tei^ftsnsiiiisa-ft;*^*^/!:* 
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h^pi K-^> hW»Sr K-t^^'LT, nlfc 

-t-ftfc^ muzmmmvmmvnmmk^ 
m-m)mm$t-M: l * v *««± $ ftfc feiF H #i^-e 

o ft v n K fi, S E co g A fr-*#*^fcftJH-t-3::£j&s -e £ 
[0 0 4 7] $Cl8(e) ill-VJ9Hb6*W£>v 
"c\ JSft/SS LfcllUSfifk*#*ff)l ©IS^ 

rii^ t'ftit Siamt?, K— ^KK ^ lllSeSfb»coJ» 

w««»3i^ ct o t 3s*i- ^ j^y'D id <t o r . mfcrnm s 
- go sffi b ^bi £ *x s o *— <o mm 1 1 1 mmtm & 

itxti, m.j&m& l r ^ie/s s ft tci imm. \\m fist v ^ 

«Li«ffi» L T ifiJc * ft 3t 1 1 iMftft f ±— tt « (C S H ft 
3JSSV>WC, NOH^N a OH|(?)7^J U flSjR"C^* 

(a) ~ (e) WXS^^^ftSIIIlSS>fb»^*fls:*«<Oft 
[ 0 0 4 8] ( 4 ) |f 3ft3g 4 - 8h^ : 

8**« 4 Bit^^WflcKtew^M^ffi^, IS*JS l fc o 

[ 0 0 4 9 ] G a A s ^ G a P ^60111 - VRfbgHfc 

Site t irii$^{b*¥¥f*^^^(d^ u ft v ^« 
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»«kbs-c , mm. 1 1 r i mmtm ^mw- <n#m & \c 

r.6Qj; 5fe£fi£ ITtt, M^tfs i fr^Xffit 10 
IT, ^OlICGa A s *jfeft/*ftLfcfc<Z>*\ ^35 
^t7r^7BSS:4ifii: Lt, -t^JifcrG a A s ^ 
Ga p*»9^itfc.fcw/«cif35Sftfflprffi-efcs 0 £jj?jt 

*JiJlcoiII- VSefc^fttO 

[ 0 0 5 0 ] ( 5 ) !jf*gf 5 C0#j - : 
1/ ^ tefflt 2 fc S V > tefS^I 3 fc S V n Jiff >\m 4 IB*^ 20 
ffij&s (ill) ffi*±M£i^5III-VKffc;^*Tfc5 

[ 0 0 5 1 ] (ill) SSrEfeffiir-t-S III-VBeffc-g* 
ftSr^kfea-rst (ill) ra!-¥tT(-Ji^^^^p s H 
WlIlB5fift»^SJK^SJx5 o -fft^^ (0 0 0 1) C 

(1 l 1) I^I^f^GaAs, fcSWi (1 1 
1) KiIt«GaP^I»lf5^ G a A s 30 
fcSlMSGa P<?;> (111) ffi^WriCjf ^ULT^^CD 
G a N/j$712j*£tl<5 0 l^t^ (0 0 0 1) Cm&BElw 
^tSG a N«.$tl6 0 IT, (0 0 0 1 ) CIS 
Sr^Biri-SIIIflea-ftftJi^^ & !C (0 0 0 1 ) 

[ 0 0 5 2 ] (HSMD »*«1*3J:TJW* 40 

31 5 Ett«oniiSS^«i^**XS©^i**ffi<o— lift 
«SrKM1-S 0 [1! 1 te**»*ll 1 <DG a N*tE<75f^fi* 

fl* * 2 >f >^-C (111) ffi^r±S^t5G a A s is 
10 0rfo§ (Hi 1 ( a - 0 ) ) 0 r (D'MiU 10 0 
OCVDgf^t^ h U NH 3 ^ffii7 Occ/minGO 
flit, 8 5 0°C, 3 0#IWcD»fc&ffl£frofc 0 n 
Oi&SIK J; o T G a A s X«^*iB^ bft 2 m* Xfr 
mik^tl, G a N 1 0 1 (CgESiL/c (Hi (a- 
1) ) o NH 3 * 2 0 0 Occ/min^JfJPb, 7k 50 
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l^^tyr^at, bv ^f-^v 

XJ< S ii Moo Kw^> h^-CfcS s i h, 
Mtt, 1 0 5 O^T'n^COG a Nffflg 1 0 2 §r$J 1 
OOjumfc^gU: (Ell (b) ) 0 -frbT, 
T'tf^PU ^x/n- ^MOC VD'KS^^^^HX^ Etj-f 
, &iH/&fi Lfc G a NJpfi? 1 0 2 liG a A s £t£ 1 0 
O^fcgHlLtV^ (HI (c) ) fl -^CO^, 
LfcG a NfflHl 0 2«*ffiS:fflSU tfi^W^^o T 
V^lEL^^LT^^^ycG a Nil 1 0 1 SrBfe^Lfc 
ft, SfcJ£bTnaiGaN£lE£:flz»bfc 0 
[ 0 0 5 3 ] (HJfefllJ 2 ) ff *II 2 *3 ± t>*IS 

5 istt coniK^t; Sffi « -ftai^'fe©— niters 

SrRW1-S 0 [1 2 tt*Hlfiffi| 2 COG a N£fficoff»*& 
cDXSKMiaTfcS 0 (Ill) ffiS:*ffii:-t-5 

EM^ * 2 >C >-^, ff-Stt 3 0 0 /i mCOG a A s Sfi2 
0 1 SMOCVDStKt y h L, NH a ^itt* 7 0c 
c/minCO^H^-C, 8 5 0°C, 3 O^BB^f ftfelSrff 
o7t D lOftilCioTGaAsSfiMS:, I^MA^ h 
m 2 m m* t?G a Nfe 0 a a 2 0 2 [cSa&Lfc (H 2 

(a) ) o GaAsSS201^MOCVDi 
5>Bl 15 W L, -fyX-v CVDt?S i O s Srj|ft 2 0 0 

^ htcj; t9 ^ b^-Y^V^^v^-^L. s^y ~7 t — • 
V 3/Bt7kiSfRl?S i O a (-^ h7^f >^^©BB PSP 2 0 4 
^rMtt, M»aoTM^toG a N$g^ 2 0 2 
omm&Wdi S-^r. v h Sr»* L> G a Nfe* 2 0 
2 ?&sata L fc«Httc 2 0 4 t , G a N & lESEfiE* L * V vgi 
« (Si 0,-v^^fp«) 2 0 3 £r^fifc1-6 0 h 

— >-CO^flP$|3 2 0 4 0Tt"^fefl3 /.i m, N S i O 
.■7^^a*S2 0 3©Bfi7/im1?S)$ (HI 2 

(b) ) 0 

[ 0 0 5 4] ^OYik. G a A s £fi2 0 1 ^MOCVD 
mm^'ty b L, NH 3 £r 2 0 0 Occ/minflEL, 7k*J^ 

nMco K-/>> h^t**5S i H, ar»tE*ffitc:fifej!s& 
LX, 10 5 OttniWG a Nfei 2 0 5 £\ X h 7 
-f^/N 0 ^ — >(DmnU2 0 4•T?SttHLTV^^ffl^)c^i^ : L 
f;G a Nj|S A 2 0 2 CttSEfcliBiRjSifi bfc (Hi 2 

(c) ) D ^ Pj^^AfiK*S:*«*t, Si O 2 -7X^20 
2±^rffi^fp]t-^^gL, Itf Lt^ h7><^^ 
^^aW^ibfcG a N*gfi 2 0 5 HiSr^fls:*^ 

(HI 2 (d-1) ) . Sfe^*g*ja;S4:»»RL, *ffiSr 
spti-fk ITS 10 0m m^ff * ^jeSfigfi Lfc (111 2 

(d-2) ) 0 ^it, m^-c^nL, V^^—frM 

O C V D Kgc?3 4« h 1& 5 ffl-f t s JSadtft LtGaN 
J¥fflt2 0 5 fiG a A s Sfe^bfW: LT V>fc (H 2 

(e) ) 0 -?r(Z?a, CCOfl]ffib/ciG a N*IM2 0 5©J 
ill SrffiW b . (fS»«J 1:8 o T V > 5 fflj^^m b T Jgj* £ ft 
/cGaNjl2 0 2*»±Lfc», »LtnlGaNl 
S2 0 5Srf^HLfc (HI 2 (f ) ) a 
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[0055] mmn 3 ) is* 3 ! 3 # ■tuHMts 

S:lftM"t-^c II 3 tt**MS0O 3 COG a N-lfi^ftg^-fe 
^Xg»BB-C*)$ 0 *i\ (1 1 1) !g£r±®i:i-5 
0 2 >-5\ ff S iO 3 0 0 u mCO G a A s i£«_h 
3 0 1 l:, ^XyCVDTS i O, SriKJ 2 0 0 nmi 

■CS i O a \CX Y=7<< ?°VWm Pffl5 3 0 3 G a 

A s gffi 3 0 1 (Dm ffi SrRfcH *-yr, h SrBfe* U 

G a A s 3&Sjtta Lfc«« 3 0 3 ^ G a N^jttffijBR* L 

(S I O a -^^^ffl«) 3 0 2 Sr7gfiSi1-5o n 
OOX l^-f^^^^tDliPSa 0 3£>-+*fi3 /zm, 

S i O s -^^fifflS 3 0 2 (Dfift: 7 ii m"Cfc5 (HI 3 

(a) ) 0 

[ 0 0 5 6 ] SiO,^^»lLf:i, GaAsI 
ft3 0 UMOCVDSIKy hU NH 3 Mi 
7 0 cc/minGO#|g^T\ 8 5 0°C, 3 0»i» 
■ffi*rfrofc 0 r^KJcoT, s iO^^^wfflP 

«-e»±iLtG a a s mfcrnm^, m^^b& 2 M m 

STGaNSfti3 0 4I^Lfc (1! 3 (b) ) 0 ^CO 
NH 3 ^2 0 0 0cc/min!-Cii^P U tK*//^^^^ 

yr^iu, h y ^/w/y #.M3j;tx ni^K 

-^>- h#J*-Cfc£ S i H, SrSSSffitdfltJ&LT, 1 

0 5 Ott*nI©G a Nftffi 3 0 5^, »fi£aSHLfcG 
aNS3 0 4C«MLfc (ID 3 (c) ) D 

It G a N^Sf 3 0 5 |if|± £#f* * i± (HI 3 ( d - 

i) ) > * bK^^Mmmi^, mmzw-mt^xm 

1 0 0 & mJgfidt*Ufc (13 (d-2) ) 0 tit, 

* -(NfrSp U ^^B'lOCVDgf© * » b 
D mi" , LfcG a Nffflt 3 0 5(iGa As £ 

*R3 0 l^fcMlBLrv^ (13 (e) ) s *r<D», fiJ 
(KLfcG a NJW*3 0 5 0ll^fj|l v SlS^«tJ:*o 
tV^MMLT-M^fcG a Nil 3 0 4 SrBft^L 
»Ltn SG a Nlfi 3 0 5 SrffsJHLfc (IH 3 
(f) ) . 

[ 0 0 5 7 ] ( 6 ) M*JB 6 • ftff : 

M## 6 E*©*»#afi«<of^J»*«fett, It* 3 ! i foZ 

V ^ (Iff *I1 2 fc O 1/ ^ 3 fe 5 ^ tefi* 3 ! 4 fc 5 ^ 

©Sfili, S iSIilC (1 1 1) ®^iiH^Ga 
As, foS^fii, (1 1 1) BSriffiitSGaPsSSjg 

r t Sr#«i:i-5IIlK2ft;»^*ffS« 
<Df£»;frffi-Cfc5 Q (l i l) aSr^ffii-TS III-V 
Kft'&'ftSr^t&ffl-rsi (111) HKWrKJiJR 
<0A*-SoiiiJSe»t«i^?Bja;Sn5 0 i'^ioh, (o 
0 0 1) CffiS:^ffiii--5IIIlSS<k**SflgfiRSix5 0 
(111) ffiSriBtfSG a A s H fe3 i/Mi ( 1 1 
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1) SSr±ffiti-SGa PSrS{k*QjS-t-Si, G a A s 
fo^VMlGaPCO (1 1 1) ra^^ff^Jfft^A^ 
©GaN^jjtSftS. f4fcfe, (0 0 0 1) CffiSr 
±®^t5GaN/jW^^6 0 7 ctT (0 0 0 1) C 
S*:iffiit5GaN±tlt SSI- (0 0 0 1) CiS 

5 0 L^L/j^b, (111) GaAsSK, feSlMi 
(111) GaPSfilt niS^bW^frtcoflMB 

Kffi an n h± # v ^ co -c (± * v \ 

10 [ 0 0 5 8 ] H— coSK^r (1 1 1) ffi&r 

ii^t^GaAs, fc5VS2 (1 l l) ffiSr±ffii:-r 
5Ga Pji^j«Sjxfc«ffi^ (ill) fficos i tt-T^ 

t ITS i *5BtRi-5SSfi^ KTWii^'CfcS,. 

1. s iSKi, ia!ct^H^>f^ ^8-r> 

20 im^m.^mK'/pif-m^m ^ ^ s 0 

2. S ilS±i: (111) I^±I^t6GaAs 
-*K (111) K±Ii:t5G a PSr^fife-rs r 
^^T-^D. (ill) s^s i£ffi± 

(111) BiiBfct5GaAs«, (111) 

I^±S^«Ga PSrilfeafifcSi-S^fe-^, fc^v^ 
fi, Sillll:, (ill) ffi^r±I^t5GaAs 
(ill) iS^^i®ti-5G a P^'9^«J: 

3. si iiijsa^tt^flE^iei^imat^ 

[0 0 5 9 ] (11*60(1 4 ) SB** 3 ^ J; tj«» * 

^WflcKtE^ffM^ftco—HlteM SrlUSt 5 „ ID 4 Ji* 
lt*01l4<DG a NKffi60^M*&60XSKMEI"C*>So 
*H16ftl"C^^ JPSi6 s *b 2 ju mCO ( I 1 1) m&^t 
ir% G a A s S 4 0 2 ^WW^tltc, Hfl^ 0 3 -Y > 
5"% 4 0 0 m mCO S i Kffi4 0 1 ^f^ffi LTt> 

5 0 7 cLT, rcOS i Sfi4 0 1 COfrJdfCDG a A s Jl 
4 0 2*ffil£, 77XVCVDTS i O, ftjfSj 2 0 0 n 

40 mmmvtim^, y* hy y^77^-e^ He* 
s i o 2 (<c 7,h7^f ^t^M p 84 0 4 STUB rj\ 

G a A s 1 4 0 2 cr>*B SrJf W ^iir, U-v?^ h SrBfe* 
L, G a A s HASatttJ LfcflBtjc4 0 4 G aN« 
j^SL^vMtiS (S i O.-^^flJS) 4 0 3 &Mf$1r 
5 C CCOX hyj-?/**? — >K>MPtFB4 0 4CO^H3 
M m s S iO:^7^ flig 4 0 3 COfpg^: 7 ju mT fe 5 
(14 (a)) D 

[ 0 0 6 0] SiO^7^ 4 0 3 ^Mt/c-fl Si 
50 Sffi4 0 1 frMOCVDKftty h I, NH a M 



21 

A 7 Occ/min<£>#ffl^-C\ 8 5 0 D C, 3 0#K|C0g{b 

3 £>BB RfifB4 0 4 "CKffl Lfc G a A s 1 4 0 2 CO*E 
Sr. *®J&>£>iKj2 ju m£"C\ 1"^?b^S i Sg4 0 1 |£ 
aiJS"t"S S "C, G a NiNNI 4 0 5 fc^ift Ut (El 4 
(b) ) 0 NH 3 S: 2 0 0 0 cc/min^±tJP U 

£TJ\ nS!<0 K— ^> h 5 S i H, SrXffiSlffi 

KHJW&LT, 10 5 OWnS©G a Ng|M 0 6 Sr, 
LfcG a Ng| 4 0 5 GO«jffi(£»WjERA Lfc 
(114 (c) ) Q £ 6^*NiJ***ttrt\ SiO : -77 
^ 4 0 2±Sr«^|pl^S*fi8:dSL, BffiLfc* h7^/ 
— >a>k»tRj£«LfcG a N»ft4 0 6 m±$:&te 
(HI 4 (d-l) ) \ Sbl:»ft**S:itKL, « 
ffi^^ffl-fb: Lt»10 0|i mJtfij** Lfc (14 ( d - 
2) ) 0 ^Ltl?Mt^SPL, ^xa-^MOCVD 
St(?)^^ hM*0 ffl-T t , ISAjSifi L fc'G a NWBS 4 0 
6I1S iSt4 0 1^^iiLT^t (H{4 (e) ) o 
t<0\k, MlffiLfcGaNJWSM 0 6 £>KBB SrWS U SB 
^f-^ o T I ^ M« L T JFM ^ i'Lt G a Ng 4 0 
5 «rfitefeLfc» % it^LtnlG a N£fi4 0 6 SrtfaH 
Lfc (B4 (f) ) 0 

[0 0 6 1 ] ( 7 ) ffl|#3l 7 60«fiS • »^ : 

tdB*« 2 fc s ^tenwtfl 3 mmvi^mij&^rm s n 

«J«:BLfc«ttf^ «*<rcS«£ffiJil-f**LfcG a N 

LfcjfefiSB^, i-ft*^ «tRjaSft«cojaffl^IIlBe 
ffi<b*¥###iB:»fifc* L ft i t^/$ S Ix/cfeS 

[ 0 0 6 2] (m&MS) CZ.X\ Bt*3a7 8EtttOIII 
SSffifbtt^Sf ^lEWCfeSKKSrRIH-rSo 
II! 5 «Bf l *s J:tJ«»*3S 5 cof^S!l*-SteT?f^Kb^A 

1 o. s G a o . « Nlft5 0 O^BfBBSlT'fcSo -<£>A 1 
o . = G a o . h N^ffi 5 0 0 (1 1 1 ) ScOGaAsS 

fc, 100/i mWA 1 0 . , G a,. „ Nil 5 0 0 Srjg 

i8/*ftU -eixSrGa A s3E«d^^Mt1-5n <b(-J:o 

[0063] mmme) m^., »#*7iB*<z5iii8s 
ei 6 nit i *5 j; ow*« e <o \*m-%mx-vm l ^ g 

a NS1S6 0 0 £>»rffiEn?fc5o ~G9G a N£fi6 0 0 
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fc)2 um<Dm$<D (111) m^^EMti'-^G a A 

s Jf^Jf£tbfc, E^^3-fyf, ffSifi4 0 0ju 

mCQS iSKffflLt, H-fbLfcG a Nl±H, J¥ £ 
ft] 1 0 0 /z mOG a Nil 6 0 0 ^ilSSl, ^rtt* S 

1 *Ri&> C t (aotfl^iltSST:^ 
3 D G a NJ5JII 6 0 0 ^^fii"^ t # td I n (-f 

JO ^K-t p y^Lt^SLtv^?) 0 Ga (#y 

£A) ^PCIIlK5cSlT?*>5 I nS: K— 
10 l^5„ 

[ 0 0 6 4 ] (HJfe0i|7) fttC, »*«7E*C0IIIi^ 

6 D IH 7 ttW*3S 3 -*3 J: 6 i75fP»*-fe-e^3K L 

fc G a Nil 7 0 0 C0»f ffiH"efc S □ ^Ga NXffi 7 
OOlt ifi^ LT, *S«l2juni^ (1 1 1) ra^r± 
I^taGaA sI^tl^Hfc, iffS^* 
ff$j(fil4 0 0 n xn(DS iKSSrffifflL, ^©SIlCS i 
O a ^ ^^b, fSi±S Lf:Ga As II 

^^fkL/cft^, ^Ts GaNJl 701^ 1 0 5 0°CT 

2 0°CTG a Nl 7 0 2 5 0 nm, 1 0 5 0°C^G 
a Nil 7 0 3 &jfal jLtm^S^dtfti-SXS*:8lElift<9 
5EU £ ^(-^COjitCft 8 0 ju m£DG a Nil 7 0 4 SrjS 
SIT, nlGaN!S7 0 0^lU lil^rS iS 
tEift^i^ttLr^KSnfciSK-CfcSo rcOnSG a N 

Xffi 7 0 0 ft, igfi/Scft t iSSiafiK**** «9 <h ic J: 
S > SS#Bt'*4 Lfc Jtili|Effi^g»^tti»J3a* ^ . 

30 m~rmm^\m±Wi'r:\ l o :] cnrJ^TI^ot^6 0 
[ 0 0 6 5 ] ( S ) fS*lI 8 c?:;-!f;^ • mVF : 

«ii«^, inBeSfbft^wffsiafljje^feft?), 
[0066] (*ite0!i8) **«8E4fe^^* 

so in s (ii»*3s 8 (D—mM&i ^iM^f* ^—fcomm 
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H»?iJ 7 T'^SLfcnlG a NlS 7 0 0 _hkl»]I 

l fc 1 1 1 mmm¥mmtmm& t« s ft t ^ s 0 ^ 

nlG a Njfljjf 7 1 0_h^ nlA l li2 G a«. , 7 
3/ Kl ! 7 11, nlGa Njt^ KJf 712, I n 0 . 0 s 
G a 0. 9 6 N/ I n„ . , B G a 0 . ■ « Nfi^^FfifttJf 7 1 
3, p!GaN*^KS7 14, piAl,. s Ga,., 
N^77K|715, plGaN^ -V y 7°J1 7 1 6 b 10 
fiftSaJlfllat 7 0 0 0^ plG a N^-V y^M 7 16 
piA 1 0. 3 G a,. 8 7 y Kit 7 15 cr>ii + £ 

i?mmmm 720 st^k s ft-o > § 0 r <a»ac*^ y 

y^#tt*MKi7 2 0liGa NSg(7)< 1-10 0 >77 

[0067] ±mmmw&<Dmm^nm%Ms i o, 7 

MRS i 0. 7 1 Blnla5j6s?g^*nTv^s 0 r 

^^P^-CiitHL7cpMG a N^r^3/rji7 1 6^^M 20 
7t, nlGa N»7 0 0 G^MMf!, nflJCO;*-— * */ 

^iS7i9«^iTi^ 0 *fc, yyv?*SBi 

5fi 7 2 0 fcffittB 7 13 fclSttl^^SSffi 7 0 0 1, 

700 2^«^^xv^ c :©**|»iii7 ooi, 

7 0 0 2 f±, G a NSS©< 1-10 0 >*lR3(^ofc 
««ESt*9 y s/ ^WiffiKWifi 7 2 0 tcSKft (1-10 
0) Wi$:^M~t&Ztlc£ 9^jaSHTi/>5 0 
[ 0 0 6 8 ] U— if*i&£#5«Jiflft6 7 0 0 o 

MOCVDiaotS 0 s 0 jSiUc D 3=fc, nfflj:*— 57 30 
^•S7 1 9tLtll Ti/Alt, 
«ffi7 18t LTH T a/T i /A u **M» LTfl^J* 
L/c 0 p W^^-— 5 ^ * 7 1 8 t n tt|C0^— 5 :y ^ 
1tffi7 l 9(d«at^j3=Ai-Sr tlCioT, SttB7 1 
3 (c * y T dSffiA $ ft, 3*36*5 J: t/ftoif { 9 . 

Tfe^a^Sff® 7 0 0 1, 7 0 0 2^b, U SP*3te 7 10 

1 , 7 10 2rt«fcB*t£ft3 n 
[ 0 0 6 9 ] 

[b^^j*] ( i ) i sf^ffla* : 
r , 1 1 1 - v mw^rn ^ v istc* * a* km* u x ^ 

fiKbfc««», f^^{c^v>niK^ft^±^, IIIKH 
fk»^ajcflE«Srfef H ^Sft-t-5 <£>T\ ^ 7 * * ^4*1/ \ rA: 

[0070] j^Ts ^wasars^ffl^fawi-So 

ft-*- 5 i s at«i:lll**ftl***flci affiUBHffiftgE 

^iot, »A^fta^ft*Pias-ejs*^*t:, 
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S«£ UTSRIffl"e# SJ¥S wiIlKafbWiNrffBIS:* 
^<0*fe#Blkft-Cl , >fc o Lt>U rrtftrt, £4£ 

1 1 1 mmmm-mpm t ommmmm^ j;ot v # 
^ / n — o s {9 ^ 1: 5 fc , 1 1 im m it m ^smmii & x 

fid* & iMBM- 5 -Ac ft te, V 3ls^—$:;\s £ < &m l TiF 

[0071] is 3tJS 1 |B*^^*flKKffi<©^»*ifeicio 
V^Ttt, ^©i^(?)fiTfe5H(a) ^in-vSe^t: 

"c , ffij&gm ^tix mm * n fci 1 mmt^ & =*■ y 5- > 

^»ff*«©^»*ffiSrfl6ffli-fttf. S«fir/hS < »«l 

- <t i5S RT«g t * 19 , ^ 7 y $ \ 

S o * b , 5 ^*MM 6<Z)i5 ft»*J$ft Srfi 1 

5 c £ J; »K teffi^Pfe^^*ftfclilfta^k«J* 

[0 0 7 2] ( 2 ) fllsfcJfi 2 f^ffla* : 

IS** 2 E*C0IIIlSSfli*^*ft:KffiC0ft»*«fe^*5 

^xfi, ?ii^j*ft t ummm^mmmmm 

fc*Silli»»fiOtett:««*:* L < SiirftfpJtcDllll* 

<n&jz<n tfT fc s i ii - v mik^'ty} <o v Ktc^ 
^««|L-C5gJ5lcSft5IIIlS»t;*i Lti>5co-c% fS 

^JSIS^b^llSrSS^fi 1 ? - fc36 s- C# 5 0 Sot, 

ffiSr'hS < »«-TSiK^ s ft< > *:B8fco44IIlSlS 

tfir^-y 7 C9 J: 5 ftft*j*ft Srtr 5 r ^ ^ J: 5 (Efifc^Sfe^ 5 
{E« $ ft fcIIIKafk*¥*fr 3i«^f^»T* # 5 o 
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[0073] ( 3 ) m&m 3 [cttfcir 5 f^fflSb* : 

V ^ T . !Mf#3S 2 JB«fc <D ^flsfflK 60 f^»*-ffi CO II 
(a) tlg(b) irSrAtLWxLfct^-CfcSco-e, S**^ 
2|BtttOflFti*-iSfet R«coa*35 s #6>nSo -tit MAD*. 

-cfc 5 in - v^b^*^iiiftK{t*^<oiiiaj«gEjft t ^ 
^J^coriii£^^ 

KJfc^-C. *«*!9<30ffiTS:ffi< J: co?5ifc 

tts, lot, »*3S3ia*«o^«fls:s«o^3a*ffi 
# 5 0 £ bt-, mmm 6 7©«t5 

[ 0 0 7 4]' (4) »jR*4 tC*HEi~5f^fflai* : 

mwmmm& > juxs ©n i - vm*« 
ut«#a B lot, »*3S4fa*fe6oniisSft;ft 

[ 0 0 7 5 ] ( 5 ) |f *II 5 MfcHfc-T 5 flsfflSll* : 

^j-i 4 ib lit <z> 1 1 mmtm^mmMR <r> &&&& 

T\ *— <©**Ef3\ *<©*ffi^s (ill) BSr^ffit-T 

±m<o (ill) stspfT&JBifw (oooi) cm% 

(oooi) cM^±ifi^i-5^^^^iii^^fbfe^ 
3BCft:^feififiS;ft i~ a o 1" * t> -fc , S:*"* jftfi & W(£ L * 
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ffio-c. s E«©iii«E»b«^#3E«^fm 
[0076] ( 6 ) 6 ^js^sfwaa* : 

If *xi i £> 5 ^ f ±1 1*31 2 *> 5 ^ flft^f 3 fc £ ^ ttf» 

>itii 4^5 i/Miff *t« 5 wMoynimmt^^mi^mm 
(Di^m^mc^^x, *-oKistt, si^ffijb^ (i 

10 l i) SSrtlitSGaAs, (111) ffi 

1 1 1 mmtw^mwmm vm%fe x & z <d x s m^m 

i fe 6 ^f«S#ig 2 fc S v ^rJ:M*iI 3 fe 5 v ^ fiB»*3g 4 

c?^ »a ias ;}o n & m^t) ^ * t < * 9 , -ss 1 1 1 iss 

afk*¥**«co45']«36s^ft(iiff^5o ^/t, Sii 

Sf^MWit^So Sot, »**6E<BcoillB5 
Sfk«^*flsKffifio^J»*«feS:fl6ffli-^tf, aifiW, 

[ 0 0 7 7 ] ( 7 ) ff 7 {Cttfo-tZ f-pffla* : 

S V > !±ii>jtil 2 fc <S V > (iff 3 fe S V > nm >\<JM 4 fe s 
V 5^6 6 |E«^II IKKfkft^* 

30 SlfrKKT'fcSc «F(il|t*3S2teSV>ftlt*35 3|EttC0 

i ummtm ±m »mm <o i^m^m xrm <* ^fci i ik» 

ffc*^#fls*S^ffi(gffi«S-efcS 0 Hot, If *5 7 
[ 0 0 7 8 ] ( 8 ) S -5 : 

7 E*oillKS{b»^»*S*±^il*ftricfi S tLfcl 1 1 

40 mmm^mi^mmm^mi^x^m^niuimmt 
m^m»mytm^x^b^(Dx\ ^mmmtcD^^m 
^ mimmmm^x^x^±-r^^^, m^mf. 
$ n/c, M^fw^m t vxvzm-r z^t 

^ig^^co^f^-e#5 0 £«Sr*«tt^-r5- 
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[ 0 0 7 9 ] $ bl-, S«©»lfi*tt3&Sf77^rj: 9 

Si«y*n5wT?, *^>*fbfl**<, *A<ofiv^«tt 
7^7§(7>x§ n ^ ^* * s Mii «r«a^ - # h 

L T f£ m £ ti ft fc -C f i V > 60 T\ IB -T- it - ^ - T* ¥ ?# 

.anas* 2-0^^0 3-r >5\ fc3w«ftE*±<E>*: 
o«3t«^Sr^SSi"5r i:^Rlfl6"efc* 0 ^eojfcS:, (ft 20 

f^»*s sr^r igt^ m T? fc 5 o 

[SI 3 ] «<i(7)IIM 3 «z>lllK*{t:»¥Wff*S^ 
f^SJ^te ^^txst^fi n -e fc 5 Q 
[in 4 ] &ftm<omifam 4 coin^^^#j^»ffs«^ 

ft*[*Ss Sr^-J" m -e fc 5 0 30 

[in 5 ] *»wo^jaiffli 5 ^iiiK^{t«^«(*:a6ffi^ 
ime] ^mmvmmm e coin^^b#j#sf*»s^ 

BriBEl 

[111 7 ] *«B3^Hlfe«l 7 ^in^ll^#j^f$-»Sw 

[in s ] *3gw^n«Eff!i 8 (D^mik \s— f <Dmmx*h 
m 9 ] si 8 kzLTF-t^mfc \s— j f<oytmifij5fa\z.mw.ti: 

[111 l 0 ] ffi*^G a NJSRSffi^^SSlirifeSr^i-xa 

1 1 : ^7 7 ^7^SliS 

1 2 : G a Nl^lIO™ V^f^fe^f 

1 3 : J&ftfltt 

1 4 : S i O a ft 5"^*^ 



1 5 : Ill-VSe^*^** 
4 0 : G a NSfi 

4 1 : nlG a N £ *3 fi£33l2 ©^^77^1 
4 2 : nil n 0 . . G a 0 . B N J; 9 J*5^ 7 y ^ BSihJi 
4 3 : nSA l tl3 Ga,. e N/G a NjStt^f- J; '9 fifc£> n 
KJi 

4 4 : nlGaNct <9 n iltt^V KJI 

45: Ino.o5Gao. y£ N/In 0 . 2 Gao.8 N^Hm- 1 ?- 

4 6 : p MA 1 o . 3 G a o . « N ct D 6 p ffOJ^r ^ * ^Jf 

4 7 : piGaN^fe p ftiJ*#V KJI 

4 8 : plA 1 o . 2 G a o . e N/G a NM^^X V J5£3 p 

4 9 : piG a Nj&»&/=ft£ pflll^ Ml 

5 1 : N i / A u J; 9 IS 5 P fflUmffi 
5 3 : T i /A 1 J: '0 fifc5 n jUH*l 

100, 201, 3 0 1: & (111) m<D G a A 
s WSL 

4 0 5: Mfitaoti 



3 0 4 



10 1, 2 0 2 
iR^fotzG a N 
10 2 : G a NiPBt 

nlGa NS« 
3 0 2, 4 0 3 
3 0 3, 4 0 4 
30 5, 4 0 6 : G a Ni&A 
S i £4£ 
GaAsf 

A 1 o. a G a«. « NXtfi 
G a N^ffi 
niGa NlEt£ 
7 0 4 : G a Nil 
ffifi-CSfB LfcGaNi 
iKlT?8[lLfcG a Nil 
nlGa NJ¥))1 
n MA U. : Ga», s N^7-7 
niHG a Nfttf-f KJI 
I n o . o s G a « . y 5 N / I n o . 



10 3 

2 0 3 

2 0 4 

2 0 5 

4 0 1 

4 0 2 

5 0 0 

6 0 0 

7 0 0 
7 0 1 
7 0 2 
7 0 3 
7 10 
7 1 1 
7 12 
7 13 

7 14 

7 15 

7 16 

7 17 

7 18 

7 19 

7 2 0 

7 0 0 1 



S i O s 



G a o . « 5 N M-f 



plG a NfttfW K® 
pSA lt.sGa.^N^y 
piG a N^r-Y -y^jf 
S i o,BBM 
p ftiJ^^-- ^ s> 

, 7 0 0 2: 3fc*fiE3&fifi 



7101, 7102: 1^— 

7 0 0 0: ^^frL ifSfSfflfafi 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To actualize a method for manufacturing a large-area 
group-Ill nitride semiconductor substrate of high quality which has no crack. 
SOLUTION: The manufacturing method for the semiconductor substrate includes (a) a 
stage where group-Ill nitride 101 is formed by nitrifying a 1st substrate 100 having at 
least its top surface made of a group-III-V compound and nitrogen for group-V 
elements of the group III-V compound are substituted, (b) a stage for the crystal 
growth of at least one layer of a group-Ill nitride semiconductor 102 on the mentioned 
group-Ill nitride 101, and (c) a stage where the crystal-grown group-Ill nitride 
semiconductor 102 is separated from the 1st substrate 100 in the area of the 
mentioned group-Ill nitride; and the crystal growth of the group-Ill nitride 
semiconductor film is carried out on the group-Ill nitride, so the large-area group-Ill 
nitride semiconductor substrate having no crack can be manufactured. 
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